Development of efficient design guidance for stainless steel structures (considering nonlinear behaviour, strain hardening and allowing for moment redistribution in indeterminate structures) is crucial for the widespread use of this corrosion-resistant material. This paper presents an experimental programme involving ferritic stainless steel simply supported and continuous beams (RHS and SHS) and the assessment of existing cross-sectional classifications and different plastic design methods available in the literature for indeterminate stainless steel structures, not currently allowed in stainless steel standards. The analysis indicated that some cross-sectional classification limits seem to be too optimistic for ferritic stainless steels and further research is needed in order to extend plastic design to these grades.
INTRODUCTION
Current European design guidance on stainless steel in EN1993-1-4 [1] considers four cross-sectional classes depending on their local buckling susceptibility in a similar way to EN1993-1-1 [2] for carbon steel. A different resistance is assigned to each class. No plastic design is allowed for stainless steel elements in EN1993-1-4 [1] despite the fact that stainless steels are characterized by high ductility. That leads to overconservative predictions since strain hardening effects are not considered either. Considering that no experimental results on ferritic stainless steel continuous beams are available (as far as the authors are aware), an experimental programme involving simply supported and continuous beams was conducted and different design methods were assessed with these results to analyse the effect of the non-linear stress-strain relationship and strain hardening.
EXPERIMENTAL PROGRAMME

Tensile tests and measured dimensions
Five different rectangular and square hollow sections (RHS and SHS) were analysed as simply supported and continuous beam tests: S1-80x80x4, S2-60x60x3, S3-80x40x4, S4-120x80x3 and S5-70x50x2. All the specimens were produced in ferritic stainless steel grade EN1.4003.
Tensile tests were conducted on corner and flat coupons extracted from the specimens in accordance with ISO 6892-1 [3] provisions. Table 1 shows the weighted average tensile properties calculated considering the measured cross-sectional dimensions and tensile properties of flat and corner coupons, weighted according to the part of the total area that represents the whole cross-section, together with the measured dimensions of each element. In this table, E is the Young's modulus,  0.2 the 0.2 % proof stress,  u the ultimate tensile stress of the material and  u the corresponding ultimate strain.
Additionally, H represents the depth of the cross-section, B the width, t the thickness and R ext the external radius. The mean values and coefficients of variation (COV) of the different parameters are presented for each cross-section. 
Simply supported beam tests
Eight simply supported beams were tested under four-point bending loading conditions in order to determine the bending moment and rotation capacities of every cross-section, considering both major (Mj) and minor (Mi) bending axes for RHS. The beams were 1700 mm long with 1500 mm span lengths and were subjected to two line loads 480 mm apart applied at a distance of 510 mm from each support, as shown in Fig. 1 . Table 2 shows that the only cross-section that did not reach the elastic bending capacity, and therefore experimentally classified as class 4, was S4-Mi. For sections S1, S4-Mj and S5-Mi, the ultimate bending capacities were between the elastic and plastic bending capacities, so they can be classified as class 3. A minimum rotation capacity R > 3 is adopted for guaranteeing moment redistribution in carbon steel cross-sections, and the same limit is usually required for stainless steels since no specific limit is provided, as noted in Theofanous et al. [4] . Therefore, the remaining cross-sections might be considered class 2 as they reach the plastic moment capacities, but their rotation capacity is < 3.
Continuous beam tests
Eight double-span continuous beam tests were also conducted in order to determine their redistribution capacity and to assess whether plastic design, which is not currently allowed for stainless steel structures, is applicable to ferritic stainless steel cold-formed beams. All specimens were 3200 mm long and were tested in a two-span structural configuration, with identical span lengths of 1500 mm, subjected to two line loads applied at the mid-span section of each span, see Fig. 2 . Table 3 , where ultimate load F u and the corresponding average mid-span deflection  u are presented together with the measured reaction at the interior support R u . The rotations corresponding to F u at a distance of 250 mm from the internal support  u 1 and at the outer support section  u 2 are also given. 
New design methods
The development of accurate design methods or expressions that do not result in overconservative resistance predictions is doubly important when metallic materials with high strain hardening levels, such as stainless steel, are considered. Therefore, instead of considering discrete cross-sectional capacities, new design methods based on deformation capacity are of interest. The continuous strength method (CSM) is a new design method that considers the deformation capacity of a cross-section  csm in terms of its slenderness. The expressions used in the calculations presented in this paper can be found in detail in Afshan and Gardner [5] , where the definition of the strain hardening modulus E sh for ferritic stainless steels provided by Bock et al. [6] has been considered.
In order to predict accurately the collapse loads of stocky stainless steel continuous elements, considering moment redistribution and strain hardening, Theofanous et al. [4] assessed the applicability of the new design method developed by Gardner et al. [7] , the CSM for indeterminate structures. The method assigns the full CSM cross-sectional resistance to the critical plastic hinge and allows a degree of strain hardening for the rest of the hinges. The rotation demand of each hinge is calculated with Eq. (2), where θ i is the relative rotation derived from kinematics considerations for the collapse mechanism considered, h i the section depth at the location considered and (ε csm /ε y ) i the normalized strain ratio at the i th hinge (with ε y being the material yield strain). The critical hinge is that showing the greatest rotation capacity demand relative to the deformation capacity of the cross-section, and the rest of the rotation demands are calculated according to Eq.(3). The collapse load is then calculated using the virtual work principle as in conventional plastic design. Sufficient deformation capacity for moment redistribution to occur is guaranteed by ensuring a minimum value ε csm /ε y = 3.6 for box sections according to Gardner et al. [7] . 
Assessment of design methods and discussion
An assessment of the design methods described for simply supported and continuous stainless steel beams is presented here. For simply supported beams, ultimate bending moment predictions have been calculated considering the cross-sectional classification currently provided in EN1993-1-4 [1] and the revised slenderness limits proposed by Gardner and Theofanous [8] . The assessment of the three methods is considered in Table 4 by presenting the cross-sectional class predicted by each classification and the predicted-to-experimental bending moment ratios. The ε csm /ε y ratios are also presented in order to determine whether the CSM is applicable for indeterminate structures. Table 4 shows that all design approaches provide accurate predictions of the ultimate loads, especially CSM, although some unsafe results were found. The EN1993-1-4 [1] provisions also correctly predict experimental loads for the two classification limits considered. Table 5 by providing the predicted-to-experimental load ratios: F h1 represents the predicted ultimate load calculated with an elastic calculation when the first plastic hinge at the central support is formed, whereas F u is the collapse load allowing for plastic design where applicable. Both cross-sectional classification and CSM provisions have been considered. Note that for the continuous tests presented in this paper, the rotation capacity demand at the three plastic hinges is the same, so the full CSM resistance is assigned to all hinges, and the method is equivalent to considering classic plastic design with the bending moment capacity determined according to CSM. If elastic analysis is assumed (F h1 ), the best ultimate predictions are obtained when CSM is used, as shown in Table 5 , although one unsafe prediction was found for S1.
However, both plastic design methods overestimate the experimental ultimate loads, indicating that current limits guaranteeing enough rotation capacity are too optimistic for ferritic stainless steels, which show considerably lower ductility than other stainless steel grades. Nevertheless, when more ductile stainless steel families, such as austenitic and lean duplex, are considered, accurate ultimate capacity estimations are obtained through plastic design methods, and CSM for indeterminate structures provides the best predictions of the collapse loads, as demonstrated in [4] and [7] . Therefore, some additional tests and parametric studies on stockier cross-sections are crucial for extending this study to ferritic stainless steel grades.
RELIABILITY ANALYSIS
In order to guarantee that approaches meet the reliability requirements in EN1993-1-4 [1] through the partial safety factors, it is necessary to consider the uncertainties derived from the variability of the material and geometrical properties as well as those associated with the theoretical prediction of the final capacity of the beam.
Therefore, a statistical analysis was conducted according to the previsions given in EN1990 [9] and Tankova et al. [10] , with the procedures and parameters reported in Afshan et al. [11] : the V 0.2 and V geom parameters accounting for the variation of the material and geometric properties were taken as 0.030 and 0.050 respectively. Nominal resistances were calculated considering yield strengths equal to the experimental strength reduced by the over-strength factor (1.20 for ferritic stainless steels), as proposed in [11] , since excessively conservative partial factors are obtained when the minimum specified  0.2 values are considered. Table 6 shows the calculated partial safety factors for the different approaches analysed in this paper for simply supported and continuous beams. However, for continuous beams, only the approaches derived from elastic calculations have been considered, since plastic design methods were found to provide unsafe capacity predictions. lead to unsafe results. Therefore, it is proposed that the current value of 1.10 is maintained for EN1993-1-4 [1] and that further research be conducted to validate alternative and plastic design methods.
CONCLUSIONS
This paper presents some tests on ferritic stainless steel simply supported and continuous beams and compares the experimental loads with those calculated according to different design approaches from standards and the literature. These comparisons highlighted that the EN1993-1-4 [1] provisions are safe and accurate for simply supported and continuous beams for the codified and revised class limits when plastic design is not considered. However, class 1 limits seem to be too optimistic and the applicability of plastic design methods to ferritic stainless steel structures needs to be analysed in depth in further research.
